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,Q PDQ\ 6RXWK(DVW$VLDQ FRXQWULHV LV ELJ ODFN RI RUJDQLF IHUWLOL]HUV IRU VXVWDLQDEOH FURS SURGXFWLRQ DOWKRXJK WKHUH DUH PDQ\ VRXUFHV RI
ELRGHJUDGDEOHZDVWHPDWHULDO7KHEHVWDQGVXVWDLQDEOHZD\WRFRQYHUWWKHELRZDVWHIURPGLIIHUHQWVRXUFHVLQRUJDQLFIHUWLOL]HULVFRPSRVWLQJ
)ROORZLQJRXU LQYHVWLJDWLRQV WKH VXSSO\RI13. LV UHDOL]HG LQ*HUPDQ\ZLWKDERXWE\XVHRIFRPSRVWDQG LQ9LHWQDPZLWKRQO\
7KHUHIRUHQHZRUJDQLFVRXUFHVDUHUHTXLUHGDQGQHZWHFKQRORJLHVKDYHWREHGHYHORSHGLQRUGHUWRLQFUHDVHWKHDPRXQWRIRUJDQLFIHUWLOL]HUV
7KHDYDLODEOHELRZDVWHVKDYHRIWHQKLJKFRQWHQWRIFHOOXORVHDQGOLJQLQZLWKVORZGHFRPSRVLWLRQUDWH,QRUGHUWRHQKDQFHGHFRPSRVLWLRQRI
VXFKPDWHULDOVVSHFLILFPLFURRUJDQLVPVZHUHDGGHG)RUFRPSRVWLQJGLIIHUHQWW\SHVRIFRQWDLQHUZHUHXVHG9HU\JRRGGHFRPSRVLWLRQUDWHLQ
VKRUWWLPHZHUHGHWHUPLQHGE\XVHRIDPL[RIGLIIHUHQWPLFURRUJDQLVPVDQGXVHRIURWDWLQJFRQWDLQHUV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKHWK*OREDO&RQIHUHQFHRQ6XVWDLQDEOH0DQXIDFWXULQJ
.H\ZRUGVELRZDVWHRUJDQLFIHUWLOL]HUFRQWUROOHGFRPSRVWLQJGHFRPSRVLWLRQRIFHOOXORVHPDWHULDOZRRGGHFRPSRVLQJIXQJLDQGEDFWHULD
,QWURGXFWLRQ
,Q PDQ\ 6RXWK DQG 6RXWK(DVW$VLDQ FRXQWULHV LV D JDS
EHWZHHQ GHPDQGV RI RUJDQLFPDWHULDO IRU LPSURYLQJ WKH VRLO
IHUWLOLW\ DQG WKH VRXUFHV RU WHFKQRORJLHV WR SURYLGH VXFK
PDWHULDO
2IWHQVWDEOHVZLWKODUJHDPRXQWRIGXQJDVLQ*HUPDQ\DUH
QRW DYDLODEOH UHVSHFWLYHO\ WHFKQRORJLHV IRU FROOHFWLQJ DQG
SURFHVVLQJ RI ELRZDVWH IURP UXUDO KRXVHKROGV RUH WKH
PXQLFLSDOLWLHV7KHEHVWDQGVXVWDLQDEOHZD\WRFRQYHUWWKHELR
ZDVWHIURPGLIIHUHQWVRXUFHVLQRUJDQLFIHUWLOL]HULVFRPSRVWLQJ
:LWKWKLVPHWKRGFRPSDUDEO\ORZFRVWRUJDQLFIHUWLOL]HUFDQEH
SURGXFHG)ROORZLQJRXULQYHVWLJDWLRQVWKHVXSSO\RI13.IRU
DJULFXOWXUDOFURSV LV UHDOL]HG LQ*HUPDQ\ZLWKDERXWE\
XVHRIFRPSRVWDQGHJLQ9LHWQDPZLWKRQO\7KHODFNRI
RUJDQLFPDWWHUVLQWKHVRLOLVDOVRUHVSRQVLEOHIRUORZELRORJLFDO
DFWLYLW\LQVWDEOHFKHPLFDODQGSK\VLFDOSURSHUWLHVDQGHURVLRQ
7KH VXSSO\ RI RUJDQLF PDWWHU VKRXOG EH LQFUHDVHG IRU WKH
LQWHJUDWHG FURSSLQJ DQG RI FRXUVH IRU RUJDQLF IDUPLQJ >@
,QYHVWLJDWLRQVLQPDQ\YLOODJHV LQ9LHWQDPLQGLFDWHD ODFNRI
RUJDQLF IHUWLOL]HUV DOWKRXJK WKHUH DUH PDQ\ VRXUFHV RI
ELRGHJUDGDEOHZDVWHPDWHULDO>@>@>@
 &RPSRVWLQJ LV RQHSRVVLELOLW\ IRU VXVWDLQDEOH XVHRI
RUJDQLFZDVWHVIURPIDUPVKRXVHKROGV LQ WKHFRPPXQHVDQG
IRRG LQGXVWU\ >@ )RU VRPH FRXQWULHV LQ WKH WURSLFV HJ
9LHWQDP DQG %DQJODGHVK WKLV LV WKH RQO\ ZD\ WR EULQJ WKH
RUJDQLFPDWHULDOIURPUXUDODQGXUEDQPDUNHWVDQGKRXVHKROGV
DV ZHOO DV IURP WKH LQGXVWU\ EDFN WR WKH ILHOGV ,W LV YHU\
LPSRUWDQW WR FORVH DJDLQ WKH F\FOH EHWZHHQ WKH UHVRXUFHV
SURGXFHGRQWKHILHOGDQGJRLQJWRWKHPDUNHWVLQUXUDODQGLQ
XUEDQUHJLRQVDQGWREULQJEDFNDSDUWRILWWRWKHILHOGV>@7KH
DLPRIWKLVSDSHUZDVWRDQDO\]HWKHVRXUFHVIORZDQGXVHRI
VROLG ZDVWH DV ZHOO WKHLU FRPSRVLWLRQ LQ XUEDQ UHJLRQV LQ
%DQJODGHVK DQG 9LHWQDP )XUWKHUPRUH LQYHVWLJDWLRQV WR
VXVWDLQDEOHWHFKQRORJLHVIRUUHXVHRIELRZDVWHLQSDUWLFXODUE\
FRPSRVWLQJ
7KH VRXUFHV RI ELRZDVWHV LQ 6RXWK(DVW$VLD HJ VXJDU
FDQH EDJDVVH VXJDU FDQH DQG EDQDQD OHDYHV ZKHDW VWUDZ
FRFRQXW UHVLGXDO DQG ZRRG VKDYLQJV KRZHYHU KDYH KLJK
FRQWHQW RI FHOOXORVH DQG OLJQLQ EHFDXVH WKHLU VORZO\
GHFRPSRVLWLRQ,QRUGHUWRGHFRPSRVHVXFKRUJDQLFPDWHULDOV
XVHRIDSSURSULDWHPLFURRUJDQLVPVDUHQHFHVVDU\>@>@>@
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([SHULPHQWV ZHUH FDUULHG RXW XVLQJ ZDVWH PDWHULDOV ZLWK
KLJK FRQWHQW RI FHOOXORVH DQG OLJQLQ LQ RUGHU WR HQKDQFH WKH
GHFRPSRVLWLRQ UDWH GLIIHUHQW FHOOXORVH GHFRPSRVLQJ
PLFURRUJDQLVPV ZHUH DGGHG EHIRUH FRPSRVWLQJ >@
)XUWKHUPRUH ZHUH LQYHVWLJDWHG FRPSRVWLQJ LQ URWDWDEOH
FRQWDLQHUV ILOOHG ZLWK ELRZDVWH PL[ DQG FRFRQXW UHVLGXDOV
GLIIHUHQW7ULFKRGHUPDVWUDLQV>@

*HQHUDWLRQRI6ROLG:DVWH0DWHULDO LQ%DQJODGHVKDQG
9LHWQDP
7KH DPRXQW RI ZDVWH JHQHUDWHG LQ XUEDQ UHJLRQV LQ
%DQJODGHVK LV DERXW  W SHU GD\ DERXW  FRQVLVWV
IURPIRRGDQGYHJHWDEOHZDVWHDQGIURPSDSHUVRDERXW
FRQVLVWVIURPRUJDQLFPDWWHU>@)LJ:KHWKHUVWLOO
WKHFROOHFWLQJRI WKHZDVWH IURPKRXVHKROGVPDUNHWVDQG WKH
LQGXVWU\LQSDUWLFXODUWKHJDUPHQWIDFWRULHVLVVWLOOSUREOHPDWLF
WKLV ILJXUH VKRZV WKH KLJK DPRXQW FRPSRVWDEOH RUJDQLF
PDWHULDO 7KH SUREOHP LV RIWHQ VHSDUDWLQJ WKH RUJDQLF ZDVWH
IURP WKH SODVWLF EULFNVWRQH ZRRGPHWDO JODVVFHUDPLF DQG
RWKHU LQRUJDQLF FRPSRQHQWV %HFDXVHPLVVLQJ RI DSSURSULDWH
WHFKQLTXHLWLVPDLQO\GRQHE\KDQG
)LJ&RPSRVLWLRQRIPL[HGZDVWHIURP'KDND&LW\&RUSRUDWLRQDWGXPSLQJ
LQ>@
   )RRGZDVWH    3DSHU    3RO\WKHQH SODVWLF    &ORWK   *DUGHQ
WULPPLQJVOHDYHV	EUDQFKHV %ULFNVWRQHZRRGPHWDOJODVVFHUDPLF
 RWKHUV

,Q9LHWQDPH[LVWVDJRRGHVWLPDWLRQRIWKHZDVWHJHQHUDWHG
LQGLIIHUHQWUHJLRQVUHVSHFWLYHO\GLIIHUHQWDUHDVRURULJLQ>@
7DEOH

7DEOH6ROLGZDVWHJHQHUDWLRQLQ9LHWQDP>@

5HODWHG WR LQFUHDVLQJ RI WKH XUEDQL]DWLRQ WKH DPRXQW RI
PXQLFLSDOZDVWH LV DOVR LQFUHDVHG EXW DOVR LQ DJULFXOWXUH WKH
ZDVWH JHQHUDWLRQ LV YHU\ KLJK ,W FDQ EH DVVXPHG WKH
FRPSRVLWLRQ RI WKH ZDVWH LQ 9LHWQDP LV DOVR PRVWO\ IURP
RUJDQLFRULJLQSUREDEO\WRWKDWPHDQVLWH[LVWVDOVRD
KLJKSRWHQWLDOWRUHXVHWKRVHELRZDVWHE\FRPSRVWLQJ
,Q+R&KL0LQK&LW\ZHUHDQDO\VHGWKHVRXUFHVRIWKH
VROLGZDVWHIURPKRXVHKROGVPDUNHWSODFHVVWUHHWVDQGRWKHUV
DVIDFWRULHVDQGSXEOLFSODFHV)LJ,QWHUHVWLQJO\WKHDPRXQW
RIVROLGZDVWHRQWKHVWUHHWVLVTXLWHORZHJLQFRPSDULVRQWR
%DQJODGHVK

)LJ6RXUFHVDQG8WLOL]DWLRQRIVROLG:DVWHLQ+R&KL0LQK&LW\%DVLFGDWD
>@DQGRZQLQYHVWLJDWLRQV

5HPDUNDEOHLVWKHLQFUHDVLQJRIWKHUHF\FOHGVROLGZDVWHLQ+R
&KL0LQK&LW\IURPQHDUWR]HURWRDERXW7KH
DPRXQWRIFROOHFWHGVROLGZDVWHLQFUHDVHGIURPDERXWLQ
 WRLQ7KHFRQVXPSWLRQRI WKHVROLGZDVWH LV
FRPSDUDEOH WR%DQJODGHVKDVDOUHDG\PHQWLRQHGDERXW WR
DUHELRZDVWHWKDWPHDQVWKLVIUDFWLRQVFDQEHFRPSRVWHG
8QIRUWXQDWHO\ WKHDPRXQWRIFRPSRVWHGELRZDVWH LV VWLOOQRW
YHU\KLJK

6XVWDLQDEOHUHXVHRIELRZDVWHE\FRPSRVWLQJ
1RUPDOO\PRVWRIWKHPDWHULDOVFDQEHHDVLO\FRPSRVWHGLQ
SDUWLFXODUZDVWH RULJLQDWHG IURP IRRG ,QYHVWLJDWLRQV VKRZHG
RIWHQ WKH FROOHFWHG ELRZDVWH FRQVLVWHG DOVR IURP RUJDQLF
PDWHULDOVZLWK KLJK FHOOXORVH DQG OLJQLQ FRQWHQW DV VDZGXVW
ZRRGVKDYLQJV6XJDUFDQEDJDVVHEDQDQDOHDYHVDQGFRFRQXW
UHVLGXDOV

3.1 Preparation of the composting with slow decomposing 
bio-waste  

6XJDU FDQH EDJDVVHZLWK KLJK&1 UDWLRQ DQG D UHODWLYHO\
KLJKZDWHUFDSDFLW\7DEOHZDVFRPSRVWHGLQFRQWDLQHUVZLWK
/YROXPH
$OVRVXJDUFDQHEDJDVVHVXJDUFDQHDQGEDQDQDOHDYHVZKHDW
VWUDZ DQG ZRRG VKDYLQJV ZHUH XVHG EHFDXVH WKHLU KLJK
UHOHYDQFH DV ELRZDVWH LQ SDUWLFXODU LQ WURSLFDO FRXQWULHV DV
9LHWQDP7KHVHPDWHULDOVKDYHDKLJKSRUHYROXPHZLWKPRUH
WKH9RODQGDUHWKHUHIRUHVXLWDEOHWRHQKDQFHWKHVWUXFWXUH
RIWKHFRPSRVWVWUXFWXUHLPSURYLQJPDWHULDOV6,07DEOH

:DVWHFDWHJRULHV 8QLW  
0XQLFLSDOZDVWH WRQVSD  
$JULFXOWXUHZDVWH WRQVSD  
,QGXVWULDOZDVWH WRQVSD  
0HGLFDOZDVWH WRQVSD  
:DVWHIURPYLOODJHV WRQVSD  
7RWDOZDVWHJHQHUDWHG WRQVSD  
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7DEOH&KHPLFDODQGSK\VLFDOSURSHUWLHVRIWKHUDZPDWHULDOVIRUFRPSRVWLQJ

,QSXWPDWHULDO &1
5DWLR
:DWHU
&DSDFLW\
9RO
$LU
&DSDFLW\
9RO
3RUH
9ROXP
9RO
6XJDUFDQH
EDJDVVH
   
6XJDUFDQH
OHDYHV
   
%DQDQDOHDYHV    
6WUDZ    
:RRGVKDYLQJ    

7KH ZRRG VKDYLQJV KDG D VL]H RI  PP DOO RWKHUV ZHUH
FKRSSHG LQ RUGHU WR KDYH D OHQJWK RI  WR  FP  $OO WKHVH
PDWHULDOVZHUHLQRFXODWHGZLWKWKHGLIIHUHQWPLFURRUJDQLVPV
7DEOH7KHPLFURRUJDQLVPVZHUHFXOWLYDWHGLQ3HWULGLVKHV
DQGDVXVSHQVLRQLQPOZDWHUZDVSUHSDUHG
$TXDQWLW\RIWKLVVXVSHQVLRQZDVPL[HGZLWKWKHVXEVWUDWHLQ
RUGHUWRKDYHDFRQFHQWUDWLRQRIFIX/VXEVWUDWHIRUEDFWHULD
DQGDFWLQRP\FHWHFIX±FIX/IRUWKHIXQJL

7DEOH7KHVWUDLQVRIPLFURRUJDQLVPVXVHGLQWKHFRPSRVWLQJH[SHULPHQWV
0LFURRUJDQLVP 7\SH 6WUDLQ 2ULJLQ
Aspergillus terreus )XQJXV $
=$/)


Aspergillus spec )XQJXV $
=$/)


Trichoderma viride )XQJXV 7$
=$/)


Trichoderma reesei )XQJXV 7$
=$/)


Gloeophyllum sepiarium )XQJXV '60
*&0&&


Phanerochaete chrysosporium )XQJXV '60
*&0&&


Cellulomonas uda %DFWHULXP '60
*&0&&


Streptomyces cellulosae $FWLQRP\F '60
*&0&&


Bacillus subtilis %DFWHULXP )=% $ELWHE
%HUOLQ

7KHFRPSRVLWLRQRIWKHPL[IRUFRPSRVWLQJFRQWDLQHG
HDFKRIWKHVHPDWHULDOVDQGZHUHPL[HGZLWKJUHHQIUHVK
PDWHULDOEHDQSODQWVFKRSSHGZHUHXVHGVWDUWFRPSRVW
ZHOO FRPSRVWHG PL[ IURP WUHH OHDYHV JUDVV DQG HOHSKDQW
PDQXUHDQGWUHHOHDYHV)RU WKLVH[SHULPHQWDOVR/
FRQWDLQHUV FRYHUHG ZLWK EODFN SODVWLF VKHHW ZDV XVHG
7HPSHUDWXUHVDOWFRQFHQWUDWLRQ(&S+GHFRPSRVLWLRQUDWH
ZHUHDQDO\VHGZHHNO\7KHKHDOWKUDWH+U%DUOH\7HVW>@IRU
SODQWVZDVWHVWHGDIWHUFRPSRVWLQJ7KH+ULVDSDUDPHWHUIRU
HYDOXDWLQJ RI FRPSRVWV UHJDUGLQJ WKH DYDLODELOLW\ RI JURZWK
GLVWXUELQJVXEVWDQFHVKLJKHUJURZWKUDWHPHDQVKLJKHUKHDOWK
UDWHRUORZHUWR[LFLW\UDWH
,Q DQRWKHU H[SHULPHQW SODVWLF EDUUHOV ZHUH XVHG ZLWK  /
YROXPH7KLV%DUUHOVZHUHKDQJLQJDQGURWDWHGGDLO\RQHV$IWHU
GD\V WKHEDUUHOVZHUHUHSODFHGRQ WKHJURXQGDQG WKHUDZ
FRPSRVWZDV UHDG\7RFRPSOHWH WKHFRPSRVWLQJSURFHVV WKH
EDUUHOVZHUHVWD\LQJIRUFDZHHNVRQWKHJURXQG'LIIHUHQW
UDWLRQRIPL[FRFRQXW ILEUHWRDQGKRXVHKROGELR
ZDVWH ZHUH LQYHVWLJDWHG $ PLFURRUJDQLVP PL[ RI IRXU
7ULFKRGHUPDVWUDLQVZHUHLQRFXODWHG

3.2 Results of the composting with slow decomposing bio-waste 

7KHPLFURRUJDQLVPV DGGHG WR WKH UDZPDWHULDOV DUH
HQKDQFLQJ WKH GHFRPSRVLWLRQ RI WKH RUJDQLF PDWHULDO 7KHLU
DFWLYLW\LVYLVLEOHE\WKHWHPSHUDWXUHGHYHORSPHQWIURPWKHVW
WRWKHWKZHHNRIFRPSRVWLQJ7KHKLJKHVWWHPSHUDWXUHVLQDOO
ZHHNV ZHUH GHWHUPLQHG E\ XVH RI WKH PL[ RI DOO
PLFURRUJDQLVPV +RZHYHU LQ VRPH ZHHNV WKH FRPSRVW
WHPSHUDWXUH ZDV SDUWLFXODUO\ KLJKHU E\ VRPH RI WKH
PLFURRUJDQLVPV
,Q WKH EHJLQQLQJ WKH FRPSRVW YDULDQW µPL[ RI DOO
PLFURRUJDQLVPV¶ KDG WKH KLJKHVW WHPSHUDWXUH LQ WKH VHFRQG
ZHHNAspergillusSpecLQWKHWKLUGZHHNTrichoderma viride
LQ WKH IRXUWK Streptomyces cellulosae DQG LQ WKH VL[WKZHHN
Phanerochaetechrysosporium)LJXUH+LJKWHPSHUDWXUHLQ
WKHFRPSRVWLVRIWHQLQFRUUHODWLRQZLWKWKHFDUERQUHGXFWLRQ
WKHKLJKHVWZHUHGHWHUPLQHGZLWKWKHPL[RIPLFURRUJDQLVPV
ZLWKZKHUHDVWKHFDUERQUHGXFWLRQLQWKHFRQWUROFRPSRVW
ZLWKRXW DGGLQJ RI PLFURRUJDQLVPV ZDV RQO\  6LPLODU
UHVXOWVZHUHUHSRUWHGIURPGLIIHUHQWDXWKRUV>@>@

)LJ,QIOXHQFHRIWKHPLFURRUJDQLVPVRQWKHWHPSHUDWXUHLQWKHFRPSRVWZLWK
VXJDUFDQHEDJDVVH

7KH VWUXFWXUH LPSURYLQJ HIIHFW RI  6,0 ZLWK KLJK
FHOOXORVHFRQWHQWVXJDUFDQHEDJDVVHVXJDUFDQHDQGEDQDQD
OHDYHV ZKHDW VWUDZ DQG ZRRG VKDYLQJV 7DEOH ZHUH
LQYHVWLJDWHG7KH&1UDWLRRIWKHVXJDUFDQEDJDVVHZDVYHU\
KLJKHYHQKLJKHUDVUHSRUWHGIRU,QGRQHVLD>@7KDLODQG
ZLWK>@
7KHVWUDZFRPSRVWFDQEHXVHGDVRUJDQLFIHUWLOL]HU$OORWKHU
FRPSRVWVZLWKDGGLQJRIVXJDUFDQEDJDVVHVXJDUFDQ OHDYHV
DQGZRRGVKDYLQJVFDQEHXVHGGLUHFWDVRUJDQLFIHUWLOL]HUVEXW
DOVRDVVXEVWUDWH)ULFNH>@UHSRUWHGDOVRWKHYHU\JRRGHIIHFW
RI ZRRG VKDYLQJV DV VWUXFWXUH LPSURYLQJ PDWHULDO E\
FRPSRVWLQJ)RUHYDOXDWLRQRIWKHVHFRPSRVWVPL[HVWKH%DUOH\
WHVWZHUHXVHG7KH+UZDVEHWZHHQDQGKLJKHUWKDQ
WKH FRQWUROVXEVWUDWH LW FDQ EH FRQFOXGH WKHVH FRPSRVWV DUH
YHU\VXLWDEOHIRUXVH7KHEHVWFRPSRVWPL[ZDVWKHFRPSRVW
ZLWKVXJDUFDQEDJDVVH7DEOH

7DEOH%LRORJLFDOWHVWVRIWKHFRPSRVWPL[HGZLWKGLIIHUHQWRUJDQLFPDWHULDOV
IRULPSURYLQJRIWKHSK\VLFDOSURSHUW\SURYHGE\WKHµ%DUOH\7HVW>@¶

CompostMix BarleyTest
Healthratein
FM(%)
Peatsubstrate(control) 100
Compost+30%Sugarcanebagasse 148
Compost+30%Sugarcaneleaves 132
Compost+30%Bananaleaves 110
Compost+30%WheatStraw 120
Compost+30%Woodshavings 145
550   Michael H. Böhme and Le Hung Anh /  Procedia CIRP  40 ( 2016 )  547 – 550 
,QWKHH[SHULPHQWVZLWKWKHURWDWHGEDUUHOVDQGDPL[RIFRFRQXW
UHVLGXH DQG KRXVHKROG ELRZDVWH ZHUH REWDLQHG VLPLODU
WHPSHUDWXUH GHYHORSPHQW )LJ  DVZLWK VXJDU FDQ EDJDVVH
)LJ



)LJ7HPSHUDWXUH&GXULQJFRPSRVWLQJLQWKHEDUUHOVILOOHGZLWKFRFRQXW
ILEUHDQGKRXVHKROGELRZDVWHGXULQJGD\VFRPSRVWLQJ

,Q DOO WUHDWPHQWV ZLWK DGGLQJ PLFURRUJDQLVPV WKH
GHFRPSRVLWLRQ UDWH ZDV HQKDQFHG FRQVLGHUDEO\ DQG WKH
FRPSRVWTXDOLW\ZDV LPSURYHG LQ FRPSDULVRQ WR WKH FRQWURO
7KH WHPSHUDWXUH LQ WKHFRPSRVW LVKLJKHUDV WKH VXUURXQGLQJ
DUHDLIPLFURRUJDQLVPVZHUHDGGHGWKLVLVDQLQGLFDWRUIRUWKH
PLFURELDO DFWLYLW\ ,W FDQ EH FRQFOXGH WKH PL[ RI DOO
PLFURRUJDQLVPV FRXOG EH XVHG IRU FRPSRVWLQJ RI RWKHU ELR
ZDVWHVZLWKKLJKFHOOXORVHDQGOLJQLQFRQWHQWWRR7KHFRPSRVW
LQDOOEDUUHOVZDVDQDO\]HGIROORZLQJWKH9LHWQDPHVHRUJDQLF
IHUWLOL]HUVWDQGDUG7DE

7DE4XDOLW\RIFRPSRVWVDPSOHVFRPSDUHGZLWK9LHWQDP¶VRUJDQLFIHUWLOL]HU
VWDQGDUG
3DUDPHWHU 8QLW &RPSRVWVDPSOH 9LHWQDPHVH
6WDQGDUG
%DUUHO

%DUUHO

%DUUHO
 
S+     ±
9RODWLOH
2UJDQLF
&RPSRXQGV
    
7RWDO3     
7RWDO&     
7RWDO.     
7RWDO1     

$OOSDUDPHWHUVFRUUHVSRQGWKH9LHWQDPHVHVWDQGDUGIRURUJDQLF
IHUWLOL]HUV H[FHSW WKH FRQWHQW RI SKRVSKRU 7KLV LV LQGLFDWLQJ
FRPSRVW SURGXFHG LQ WKH WHVWHG EDUUHOV ZLWK D PL[ RI
PLFURRUJDQLVPVFDQEHXVHGDVRUJDQLFIHUWLOL]HU6XFKPHWKRGV
DUHFRQYHQLHQWLQSDUWLFXODULQUXUDODUHDV,QXUEDQUHJLRQVWKH
VDPH FRPSRVWLQJ SULQFLSOH FDQ EH XVHG LQ ODUJHU URWDWLQJ
FRQWDLQHUV
 9HU\ LPSRUWDQW IRU DJRRG FRPSRVWLQJSURFHGXUH LV
WKH DSSURSULDWH FRPSRVW VWUXFWXUH WKHUHIRUH LW FDQ EH
UHFRPPHQGHGWRDGGDERXWVWUXFWXUHLPSURYLQJPDWHULDOV
WR WKH RUJDQLF PL[ ,Q UHVXOW RI WKH H[SHULPHQWV VXJDU FDQ
EDJDVVH DQG ZRRG VKDYLQJV FDQ EH UHFRPPHQGHG ZKHUHDV
EDQDQDOHDYHVDQGZKHDWVWUDZDUHOHVVVXLWDEOH,QWKLVUHJDUG
WKH VDOW FRQFHQWUDWLRQ (& DV ZHOO WKH GHFRPSRVLWLRQ UDWH
VKRXOGEHSURSHUO\PRQLWRUHG>@
5HIHUHQFHV
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